Early detection of Non-Proliferative Diabetic Retinopathy (NDPR) is currently a highly interested research area in biomedical imaging. Ophthalmologists discover NDPR by observing the configuration of the vessel vascular network deliberately. Therefore, a computerized automatic system for the segmentation of vessel system will be an assist for ophthalmologists in order to detect an early stage of retinopathy. In this research, region based retinal vascular segmentation approach is suggested. In the steps of processing, the illumination variation of the fundus image is adjusted by using the point operators. Then, the edge features of the vessels are enhanced by applying the Gabor Filter. Finally, the region growing method with automatic seed point selection is used to extract the vessel network from the image background. The experiments of the proposed algorithm are conducted on DRIVE dataset, which is an open access dataset. Results obtain an accuracy of 94.9% over the dataset that has been used.
Introduction
The blood vessel system of the human retina is a complex network. The initial phase of diseases such as diabetic
Methodology
The proposed algorithm can be split into five stages.
Resizing the Fundus Images
Several distinct sizes of color fundus images are brought to one common 600 × 600 size in order to bring them in a common dimension to generalize the algorithm for all the images.
Correcting Intensity Variation
In the retinal images, there is an intensity variation due to the manifold illumination. Many research works has been experimented to restrain this issue [23] - [26] . The intensity variation of the red channel, which is the major factor causal to the illumination variation of the fundus images in Figure 1 .
The contrast variation of the red channel is adjusted by applying the logarithmic point operator. All the pixel values of the red channel were transformed by replacing each pixel value with its logarithmic value. Since the low intensity pixel values are increased, the intensity variation is abate [27] . Next, the enhanced red channel is combined with green and blue channels in order to obtain a color image with less non-uniform illumination Figure 2 
(b).
The logarithmic point operator function is given by:
where, Q(i,j) is the adjusted image and the P(i,j) is the input image. Furthermore, "c" is the scaling factor as follows:
where R is the maximum pixel value of the input image P(i,j).
Pre Processing
The blood vessels appear a higher contrast in the green channel than the red or blue channels in the enhanced retinal image. Only the filtered green channel of the retinal image will be more over processed [28] . A 2-D median filter with 3-by-3 neighborhood size is applied to obtain a clear image with a minimum extent of the noise of the green channel (Figure 3 ).
Apply 2-D Gabor Filter
The 2-D Gabor filter is a linear filter, that has been widely used for low level oriented edge detection and extraction of texture features for discrimination purposes in image processing and computer vision fields. Frequency representation and orientation representation of the Gabor filter are identical to the human vision system. In the spatial domain, a 2-D Gabor filter is a Gaussian kernel function modulated by a sinusoidal plane wave [29] . Enhancement of the pixels of the blood vessels oriented along the various dimensions can be done due to the factor of directional selectivity of the Gabor filter. The response of the Gabor filter is a complex number with real and imaginary parts that are orthogonal and act as low level oriented edge discriminators [30] [31] . The equalized image is complimented (inverted) and Gabor filter is applied to highlight the blood vessel vascular system, by ignoring the background noise. The filter has a real component as well as imaginary component expressing orthogonal directions. The two components of a real part and imaginary part can be formed into a complex number represented by:
Individually the real component represented by:
, ; , , , , exp cos 2π 2 The imaginary component is given as:
where,
The Gabor filter depends on few parameters. The parameter θ exemplify the orientation of the filter. λ represents wavelength of the sinusoidal function and ψ is the phase offset. σ is the variance of the Gaussian envelope. When σ changes, Gabor filter with above parameters does not scale uniformly. Thus, it is better to use parameter λ γ σ = instead of λ. Where, γ is the spatial aspect ratio, which specifies the ellipticity of the support of the Gabor function by selectively changing the above parameters ( )
γ θ σ whilst a clear response of vessels could be obtained.
Segmentation of Vessels
The processed image after applying the Gabor filter, an adequate thresholding technique is required to extract the blood vessels from the image background. In this phase, global thresholding techniques cannot be applied due to the various gray levels in different areas in the image and noisy unconnected regions appeared as false vessels. The processed image is a matrix with M rows and N columns. Then the window concept is used to convert the processed image into the binary scale.
The region growing method is used to extract the vessel vascular system in the proposed methodology. The region growing segmentation method can be divided into two partitions as general purpose and knowledge based [32] . The region growing segmentation used to analyze of an image into connected regions based on a certain similar characteristic of the pixels within them [33] .
The enhanced image after applying the Gabor filter is divided into 100 × 100 pixel blocks in order to apply the region growing segmentation method. Applying region growing method to blocks of the image is more appropriate than applying to the overall image to segment the vessel network due to their intensity variations and complexity. It is essential to choose a starting point (seed point), to initiate the segmentation process. The selection of the seed point is pivotal to the overall success of the segmentation depends on that point [34] . In the proposed research work, an automatic seed placement method is used according to the intensity variation of the pixels of the appertinent block. The block's seed point value is calculated by using the maximum and the minimum pixel values of each block as follows:
where, I max is the maximum pixel value and I min is the minimum pixel value of each block. Then the seed point is determined by the nearest available pixel value to the P(i,j) in the block. The region is iteratively grown by comparing all unallocated neighboring pixels. It is necessary to remove the noise after the binarization process. Unconnected pixel areas smaller than in size of 30 are removed in order to obtain a clear response (Figure 4) .
Experimental Results
The proposed algorithm was tested on open source data set named DRIVE [17] . This database contains 20 fundus images in the size of 565 × 584 pixels. The results were obtained using the images which are corrected illumination variation as seen in Figure 2 . The thin vessels, which are mostly near the boundary of the retinal image were not clearly visible due to the illumination variation of the background. After adjusting the intensity variation of the fundus images the thinnest vessels are mostly visible clearly than the original images. Therefore the Gabor filter function produces more accurate results as shown in Figure 5 . In the segmentation process produce veritable results, withal there are still misclassified vessels which are very thin with meagre edges and two vessels appeared as a one in the area near to the optic disc due to the high intensity pixels in that area (Figure 6 ). shows the images that illumination variation is corrected, Figure 7 (c) and Figure 7(d) shows the manual segmentation of the vessel system and the results of the proposed algorithm. The proposed algorithm denotes proper results than the formerly efforts [18] - [22] . The performance of the medical imaging algorithms are characterized by the statistical metrics such as sensitivity, specificity, positive predictive value, negative predictive value and accuracy [6] . The quantitative statistical data, such as sensitivity (Se), specificity (Sp), positive predictive value (Ppv), negative predictive value (Npv), and accuracy (Acc) based on the ground truth data available in the DRIVE dataset. The four metric values for Se, Sp, Ppv, Npv, and Acc are given as follows: 
TP TN Acc TP FP TN FN
The obtained results are compared with [18] - [22] . The statistical results of [18] - [22] and the proposed algorithm are represented in Table 1 and Table 2 .
The computerized automatic blood vessel segmentation has been attempted many times by researchers. However, a couple of them are shown better results compared to the proposed methodology that stated in the literature review. There are few studies which have attempted to adjust the illumination variation of the fundus images [1] [4] [5] [10] . The proposed methodology has the highest sensitivity and the accuracy when comparing the statistical data with the previous approaches [18] - [22] . The sensitivity, which indicates the percentage of correctly classified pixels compared to the ground truth image, is 81.63% and accuracy (portion of correctly categorized pixels) is 94.90% of the proposed algorithm. The specificity value, which indicates the ratio of the correctly classified background pixels is higher than prior studies [18] - [20] . The positive predictive value, which indicates the portion of the pixels that are correctly classified as vessel pixels is greater than the research works Table 1 . Statistical results of proposed algorithm for test images 1 to 20 from DRIVE dataset, Se = percentage of correctly classified pixels compared to the ground truth image, Sp = percentage of the correctly classified background pixels, Ppv = percentage of the pixels that are correctly classified as vessel pixels, Npv = percentage of the pixels that are correctly classified as background pixels, Acc = percentage of correctly categorized pixels. [18] - [20] and the negative predictive value, which indicates the ratio of the pixels that are correctly classified as background pixels is better than previous studies [20] [21] . The proposed algorithm is executed using MATLAB R2014a installed computer with a 2.53 GHz processor with 4 GB RAM. The computational runtime of the program is about 38 seconds.
Conclusion
The configuration of retinal blood vessels performs a responsible preface in diagnosis of diabetic retinopathy. A method based on point operators, Gabor filter and region growing method to extract the retinal vessels in fundus images are represented by the proposed method. The performance of the proposed methodology is evaluated on the DRIVE database. The proposed algorithm segments the retinal vessels with a greater accuracy as compared to the previous attempts. There are two major problems with retinal fundus images. Whereas the illumination variation of certain areas in the fundus images and visibility of the vascular network is not clear of thin vessels and then an enhancement for retinal image is necessary to obtain better results of vessel segmentation. The illumination variation is adjusted using point operators and vessels are enhanced using a 2-D Gabor filter. Finally, vessel segmentation is done using region growing with automatic seed point selection. The proposed algorithm will help ophthalmologists in screening process of blood vessels to detect early stage of diabetic retinopathy.
